We sought to determine whether the performance of pyloric exclusion during repair of penetrating advanced duodenal injuries prevents postoperative duodenal fistulas and improves clinical outcome. Results: Fifteen of 29 patients were managed without pyloric exclusion and 14 with exclusion. Both groups were similar with respect to age, sex, mechanism, injury grade, ISS, hemodynamic stability, the presence of vascular injury, associated abdominal injuries, and mortality rates. A trend toward a higher overall complication rate (71% vs. 33%), pancreatic fistula rate (40% vs. 0%), and length of hospital stay (24.3 days vs. 13.5 days) was evident in the pyloric exclusion group. No duodenal fistula was detected in either patient group.
A lthough penetrating mechanisms account for the majority of duodenal injuries, previous reports estimate that duodenal injuries comprise less than 5% of all abdominal injuries. 1 Given the infrequency of penetrating duodenal injuries, there is no clear consensus for their treatment. Innovative procedures such as duodenal "diverticulization", pyloric exclusion, and "triple tube" drainage, have been developed to both repair duodenal wounds and divert gastrointestinal secretions to prevent duodenal fistulas. With up to 10 L of ingested food and enzymatically active digestive secretions passing through the duodenum each day, the most serious complication related to the surgical repair of duodenal wounds is the duodenal fistula.
Operative attempts that focus on the prevention of fistulas by protecting the new surgical repair add operative time, alter the gastrointestinal anatomy, and carry an appreciable morbidity. Although several authors have attempted to define which advanced duodenal injuries may require these more sophisticated procedures, these studies failed to compare outcomes after these more complex procedures with simple repair alone. [1] [2] [3] [4] We sought to determine whether the addition of pyloric exclusion to the repair of advanced penetrating duodenal and combined pancreaticoduodenal injuries prevents duodenal fistula formation and results in improved clinical outcomes.
PATIENTS AND METHODS
After Institutional Review Board approval, we performed a retrospective chart review of all patients admitted to a Level I trauma center between January 1995 and December 2004, which revealed 54 patients with duodenal injuries. Twenty-five patients were excluded (10 with blunt injuries, 6 who died within 48 h of massive associated injuries, 6 with grade I duodenal injuries without pancreatic involvement that did not require operative repair, 3 who underwent more extensive procedures including 2 duodenal diverticularizations, and 1 Whipple's procedure). The remaining 29 patients had penetrating duodenal injuries Նgrade II by American Association for the Surgery of Trauma (AAST) criteria 5 or combined penetrating pancreaticoduodenal injuries.
Injuries were diagnosed and graded during laparotomy. Operative repair was dictated by surgeon preference. Duodenal wound repairs were hand-sewn, one or two layer closures. Pyloric exclusions were stapled distal to the pylorus and included decompressive retrograde duodenostomy tubes. Gastrojejunostomies were either hand-sewn or stapled.
Patients repaired without pyloric exclusion were compared with patients repaired with pyloric exclusion and descriptive statistics with the appropriate post hoc analysis applied ( 2 , Fisher exact test, t test). A p value less than 0.05 was considered statistically significant. Recorded and analyzed data included age, sex, mechanism of injury, grade of injury, Injury Severity Score (ISS; calculated using Abbreviated Injury Scales [AIS] for head, face, chest, abdomen, extremities, and external; the three most severely injured body regions were each squared (x 2 ) and then summed to yield the ISS), evidence of hypovolemic shock (systolic pressure Ͻ90 mm Hg), major vascular injuries, associated abdominal injuries, postoperative complications, fistula formation, length of hospital stay, and mortality (survival Ͼ48 h).
RESULTS
The study population was 100% male with a mean age of 29 years (range, 19 -69 years). All had penetrating injuries, of which 23 of 29 (79%) suffered gun shot wounds, and 6 of 29 (21%) were stabbed. Seventeen of 29 (59%) patients had multiple duodenal injuries-46 duodenal wounds were discovered in total. The majority of wounds sustained (30 of 46, 65%) were to the second portion of the duodenum ( Table 1) . The remaining injuries were distributed anatomically as follows: first portion, 4 injuries (9%); third portion, 9 injuries (20%); fourth portion, 3 injuries (7%). None of these wounds involved the ampullary complex. All patients in this study suffered injuries to abdominal organs other than the duodenum. In total, 81 associated injuries were identified in these 29 patients (mean 2.8 associated injuries per patient). The liver was the most frequently injured associated organ (19 of 29, 66%), but major vascular (14 of 29, 48%), pancreatic (13 of 29, 45%), colon (10 of 29, 34%), small bowel (7 of 29, 24%), stomach (7 of 29, 24%), and gallbladder (6 of 29, 21%) injuries were also common. Kidney and splenic injuries were less frequent (Fig. 1) .
Patients repaired without pyloric exclusion (no PE, n ϭ 15) and with pyloric exclusion (PE, n ϭ 14) were similar with respect to age, sex, and injury mechanism. Both groups primarily comprised gun shot victims (no PE, 67% vs. PE, 87%, p ϭ 0.169). Although a statistical difference in duodenal injury grade between groups was not identified, a trend toward greater injury severity was noted in the pyloric exclusion group (no PE, 2.5 Ϯ 0.7 vs. PE, 3.0 Ϯ 0.6, p ϭ 0.064). The single patient in the study population with a grade I duodenal injury had an associated pancreatic injury and was repaired without the protection of a pyloric exclusion. Nine patients (31%) suffered grade II duodenal injuries, of which six were repaired without pyloric exclusion and three repaired with pyloric exclusion. Sixteen of the 29 patients (55%) had grade III injuries. Eight of this group of 16 with grade III injuries were primarily repaired without exclusion, and another eight were treated with pyloric exclusion. Three suffered severe grade IV duodenal trauma, all of which were combined pancreaticoduodenal injuries and all treated with pyloric exclusion (Table 2) .
Thirteen of the 29 patients suffered combined pancreaticoduodenal injuries. Ten of these 13 (77%) patients underwent pyloric exclusion, whereas 3 (23%) patients had primary repair alone. Patients suffering combined pancreaticoduodenal injuries (n ϭ 13) had similar pancreatic injury grades between comparison groups (no PE 2.7 Ϯ 2.1 vs. PE 2.0 Ϯ 0.9, p ϭ 0.799). ISS scores, a global indicator of injury severity in patients with multiple injuries, were also similar between groups (no PE, 18.4 Ϯ 8.3 vs. PE, 23.2 Ϯ 17.5, p ϭ 0.631). Shock (no PE, 33% vs. PE, 21%, p ϭ 0.682) and vascular injury (no PE, 53% vs. PE, 43%, p ϭ 0.847) were similarly present in both patient groups.
After confirming that our two surgical treatment groups had similar demographics and clinical characteristics, clinical outcomes were compared (Table 3) . Measured parameters included overall complication rate, the development of duodenal and pancreatic fistulas, length of hospital stay, and mortality. Five of 15 (33%) patients who were repaired with- 
Forty-six wounds were discovered in 29 patients. The majority of these (65%) were contained in the second portion of the duodenum. The Journal of TRAUMA Injury, Infection, and Critical Care out exclusion had postoperative complications during their hospital course. Of these five patients with postoperative complications, four (80%) had evidence of hemorrhagic shock at admission. Complications included pneumonia (3), adult respiratory distress syndrome (ARDS; 1), acute renal failure (1), intra-abdominal abscess (1), and urosepsis (1). None of these 15 (0%) patients suffered a duodenal or pancreatic fistula. Ten of 14 (71%) patients with pyloric exclusion had postoperative complications consisting of sepsis (5), ARDS (4), pancreatic fistulas (4), ventilator dependent respiratory failure (3), acute renal failure (3), small bowel obstruction (2), wound infections (2), pneumonia (2), and intra-abdominal abscesses (1) . Only three of these 10 (30%) patients with postoperative complications had evidence of hemorrhagic shock at arrival. Although none of these 14 (0%) patients suffered a duodenal fistula, four patients with pancreatic injuries (40%, p ϭ 0.497) developed pancreatic fistulas. Length of hospital stay was greater in the PE group (no PE, 13.5 Ϯ 7.7 days vs. PE, 24.3 Ϯ 19.7 days, p ϭ 0.087). In-hospital mortality rates were similar in both populations [no PE, 1/15 (7%) vs. PE, 3/14 (21%), p ϭ 0.273].
DISCUSSION
Significant controversy exists regarding the best operative treatment for duodenal injuries. Throughout the years, surgeons have developed several innovative procedures to both repair the wounded duodenum and prevent fistulization from repair breakdown. The first method of suture line protection was the "triple tube ostomy" described by Stone. 6, 7 In this straightforward surgical technique, a gastrostomy tube and two separate jejunal tubes are placed. The proximal jejunal tube is threaded in a retrograde fashion into the duodenum to decompress the suture line, whereas the distal tube is placed as standard jejunal feeding access. Despite its technical simplicity and encouraging initial results, reports from others have failed to show improved outcomes with the technique. 8, 9 Procedures for complete diversion of the gastrointestinal stream were soon developed. Berne and Donovan excluded repairs by "diverticulizing" the duodenum. 10, 11 This procedure originally consisted of a duodenal repair, vagotomy, antrectomy, gastrojejunostomy, tube duodenostomy, and T tube biliary drainage. Although effective in diverting enzymatic secretions, the procedure is complex, time consuming, and resects normal tissue in young, often healthy patients. Today diverticulization is seldom performed and has largely been replaced by the simpler pyloric exclusion.
First described by Vaughan in 1977, the pyloric exclusion consists of a duodenal repair, over-sewing the pylorus through a gastrotomy, and gastrojejunostomy.
12,13 At present, the pyloric exclusion is often performed by applying a noncutting stapler immediately distal to the pylorus, further simplifying the procedure. Despite its technical simplicity and swiftness, the procedure permanently alters the gastrointestinal tract with the construction of the gastrojejunostomy. Although most reports indicate that the pylorus reopens within 3 weeks in most of patients, the pyloric exclusion remains an ulcerogenic operation. Postpyloric exclusion marginal ulceration incidence ranges from 0% to 33% in numerous reports, with most studies demonstrating marginal ulcers in approximately 10% of patients who underwent surveillance endoscopy. [12] [13] [14] [15] Postoperative anastomotic leaks and small bowel obstructions have also been described. 3, 14, 15 Concern for these potential morbidities has led several authors to attempt to define which duodenal injuries may be repaired with simple suture techniques and which injuries may require more sophisticated procedures such as the pyloric exclusion. 2-4,8 -9,12-14,16 -19 Snyder classified duodenal injuries as either mild or severe (missile injury, damage to Ͼ75% of the wall circumference, involvement of the first or second portion of the duodenum, injury to repair interval Ͼ24 h, and common bile duct injury) and advocated complex repairs for these advanced injuries. 4 Adhering to these criteria, 93% of our population had severe injuries, though patients repaired without pyloric exclusion fared equally or better than those with pyloric exclusion in each of our measured clinical parameters.
AAST grading may be employed to classify duodenal injury severity, but injury grade alone may not be an important factor when deciding to perform a pyloric exclusion. 5, 20 In our study population, a trend toward greater duodenal injury severity was evident in the pyloric exclusion group although statistical significance was not reached. Although numerous authors have described the use of the pyloric exclusion for more "severe" duodenal injuries, Timaran reported that duodenal injury grade is not predictive of either duodenal fistula or mortality. After analyzing several risk factors including shock (SBP Ͻ90 mm Hg), mechanism of injury, Abdominal Trauma Index, and Duodenal Injury Score, preoperative or intraoperative hypotension proved to be the most important predictor of overall complications, duodenal fistulae, and mortality. 20 In our series, shock was more common in the group without pyloric exclusion, although statistical significance was not reached. Despite the preponderance of shock in the primary repair-alone group, clinical outcome was equivalent to those who underwent pyloric exclusion.
In a meta-analysis, Asensio reviewed 15 clinical series containing 1,408 patients with duodenal injuries who underwent various surgical repairs and found an overall duodenal fistula rate of 6.6%. 1 In our study population, no patient developed a duodenal fistula regardless of surgical treatment. To our knowledge, no previous study has compared patients repaired without pyloric exclusion to those compared with the adjunctive procedure. Prior reports have argued in favor of pyloric exclusion based on low overall duodenal fistulization rates in heterogeneous study groups and the unproven assumption that the pyloric exclusion adjunct prevents fistulas. [12] [13] [14] [15] 21 With a trend toward a greater complication rate and length of hospital stay in the pyloric exclusion group, we have shown that patients repaired without pyloric exclusion have similar clinical outcomes when compared with those repaired with pyloric exclusion. Although no complication was directly attributable to the procedure itself, two early postoperative partial small bowel obstructions were observed in the pyloric exclusion group. Both resolved with conservative management. Furthermore, four pancreatic fistulas were observed after pyloric exclusion in those with combined injury. This 40% pancreatic fistula rate is similar to previous reports describing fistula rates of 33% to 45% after pancreatic injury. 14 -17,21,22 Despite our findings, we acknowledge several limitations of this study. This was an inpatient study, and thus no longterm follow-up data were reviewed. As a result, many of the reported complications of the pyloric exclusion procedure such as marginal ulceration or bowel obstruction may have been overlooked. Furthermore, without a single duodenal fistula, we were unable to examine the clinical outcomes of patients with duodenal fistulas when repaired without and with pyloric exclusion. We postulate that the protection of the pyloric exclusion may benefit those patients with breakdown of the duodenal repair because of increased spontaneous closure rates, decreased fistula output, and improved nutrition. Lastly, the small sample size, despite a 10-year retrospective review of a busy, Level I trauma center, is a result of the infrequency of injury to the well protected duodenum. Although the study population is small, the population is homogeneous, consisting of only penetrating, advanced duodenal or combined pancreaticoduodenal injuries. Only a large, randomized, prospective trial comparing patients with duodenal injuries repaired without and with pyloric exclusion will be able to demonstrate the superiority of one technique over the other. Given the rarity of the penetrating duodenal injury and the innumerable clinical variables, a randomized prospective study seems unlikely.
In conclusion, the performance of pyloric exclusion for penetrating advanced duodenal injury and combined pancreatic and duodenal injuries was not associated with either duodenal fistula formation or improved clinical outcomes in our study patient population. The observed trend toward increased rate of pancreatic fistula, overall complications, and length of hospitalization suggests that the addition of pyloric exclusion to the repair of duodenal injuries provides no added benefit. On the basis of our findings and those of others, we recommend primary repair without pyloric exclusion for most of the penetrating duodenal injuries in hemodynamically stable patients.
